Ancient human DNA from the Oceanian islands of Vanuatu reveals a surprisingly complex history of human settlement, featuring almost complete replacement shortly after initial colonisation, followed by mixing and a puzzling disconnect between genetic ancestry and language.
Ancient DNA is transforming our understanding of the human past by forcing geneticists to confront its real complexity [1] . Historians and archaeologists have long known that the development of human societies was complex and often haphazard, but geneticists have persistently tried to explain present-day patterns of genetic variation using simple models. The peopling of the remote Pacific islands ('Remote Oceania'; Figure 1 ) was the most recent major expansion of humans into uninhabited territory and should arguably be the easiest to understand. Work over the last few decades had indeed integrated genetic data from present-day populations, together with observations from linguistics and archaeology, into a simple model: a technology-driven expansion of Austronesian-speaking farmers starting from Taiwan or nearby, the most expert seafarers the world had known, developed a culture known to archaeologists as Lapita in islands off the coast of New Guinea, and then rapidly populated most of the Pacific [2] . Along the way, they would have mixed with and picked up genetic contributions from the original inhabitants of 'Near Oceania', comprising New Guinea and nearby islands, who had lived there for at least 30 thousand years but never ventured further east. Within this model, debate was largely confined to arguments about the pace of expansion ('express train' or 'slow boat'), details of the route and the extent of mixing along the way. This illusion of simplicity fell apart when the first ancient DNA data from the region was published last year [3] . Now, two further papersone by Mark Lipson, Pontus Skoglund and colleagues [4] in Current Biology and one by Posth and colleagues [5] -begin to fill in some of the details.
When Westerners arrived in the Pacific in the early eighteenth century, they found that a large proportion of the islands were inhabited and noted the remarkable similarities in culture and language across vast distances, thus initiating scientific thinking about how the region was settled. Where did the inhabitants come from, when did they arrive, how did they spread? A distinction was apparent between the islands close to Southeast Asia and Australia -Near Oceania -and those further eastRemote Oceania. The languages spoken throughout much of the Pacific are placed within a single family, Austronesian, while many of those from New Guinea and nearby belong to a highly diverse and difficult-to-classify set often referred to as 'Papuan'. A robust phylogeny of Austronesian languages suggested an origin in Taiwan 5,200 years ago, and spread that could be linked initially to the Lapita culture beginning 3,300 years ago, reaching the furthest parts of Remote Oceania by 1,200 years ago [6] . Early genetic analyses of present-day populations revealed a mix of Asian (Taiwanese) and Papuan (New Guinea or nearby) ancestries throughout Remote Oceania, with maternally-inherited mitochondrial DNA being predominantly Asian, paternally-inherited Y chromosomes mainly Papuan, and autosomes intermediate [7] . This led to the simple model mentioned above of an Austronesian-speaking population starting out from Taiwan, developing the Lapita culture in the islands near New Guinea while mixing with local Papuans, and then boldly launching out into the unknown Pacific.
It thus came as a complete surprise when ancient DNA from four early Lapita people from Vanuatu or Tonga dating to 2,500-3,000 years ago showed essentially completely Asian genetic ancestry [3] . If the first Lapita people were genetically Asian, the Papuan genetic component in their descendants must have entered later. There must have been previously-unsuspected additional migration events from Near Oceania to Vanuatu and surroundings, with the mixed ancestry perhaps emerging here rather than just being carried in its final form from Near Oceania. The two new studies [4, 5] span the gap between three thousand years ago and the present day, providing evidence of such migrations and further refining the picture.
The two studies successfully extracted and sequenced DNA from a combined total of 26 ancient individuals from Vanuatu [4, 5] , an archipelago of $82 islands at the gateway of Remote Oceania, plus a few from other Pacific islands [5] . Both studies additionally genotyped present-day people in Vanuatu. This impressive success in extracting aDNA from tropical environments was due in part to the incorporation of two recent methodological advances in the field: the targeting for DNA extraction of the petrous bone of the inner ear, in which much higher concentrations of usable DNA seem to be preserved than in other bones in the human body [8] ; and the use of microarray hybridization to enrich for regions of the genome known to contain common variation, which comes with the additional advantage of enriching for human DNA in extracts that typically contain a majority of microbial contaminant DNA.
Both studies found that, just a few hundred years after the first settlement of Vanuatu by people of Asian ancestry, they were seemingly replaced by people of entirely Papuan ancestry. Only after this dramatic shift did the genetic mixing between these two sources seem to have begun, a gradual process that resulted in about 20% Asian ancestry in present-day inhabitants of Vanuatu. This sets them apart from most other people of Remote Oceania today, who conversely tend to have around 80% Asian and 20% Papuan ancestry. The studies also traced the origins of the Papuan-ancestry people who arrived in Vanuatu and its neighbouring islands and found the closest matches in populations living on the large islands near New Guinea, in the Bismarck archipelago, and not those living on the more geographically proximate Solomon Islands. This unusual disconnect between geography and genetics was also observed in a third study published earlier this year [9] , which used genotypes from present-day people across Near and Remote Oceania to study population relationships. The study by Lipson, Skoglund and colleagues [4] then digs deeper into the streams of Papuan ancestry across Oceania and finds evidence for yet another layer of complexity, arguing that the Papuan ancestry present in islanders further out into the Pacific must come from a partially different source than the Papuan ancestry in Vanuatu.
There thus seems to have been a migration of Papuan-ancestry people from the Bismarck archipelago off the coast of New Guinea, into the islands of Remote Oceania, shortly after those very islands were first settled by people from Asia. Few traces of such a migration and its cultural or technological underpinnings have been found in the archaeological record or in linguistic relationships, which is why it comes as such a surprise. The fact that these Near Oceanian people made the long journey to Vanuatu so soon after the Asian seafarers arrived in their neighbourhood, having had tens of thousands of years to do so previously, strongly suggest that the migration was somehow triggered by interactions with the new Austronesian-speaking arrivals and adoption of their sophisticated seafaring technology. The excess of Y chromosomes of Papuan origin in Remote Oceania, somewhat difficult to explain under the traditional model, might also make sense in the light of an active expansion of people from Near Oceania, as such expansions have often found to be male-biased [10] . Both studies speculate that the arrival of these Papuan-ancestry people might have contributed to the end of the Lapita period and its cultural unity.
The very first settlers of Vanuatu would have spoken Austronesian languages, and the Papuan-ancestry people who arrived shortly after would very likely have spoken Papuan languages. Yet today, all languages of Vanuatu are Austronesian. The arrivals from Near Oceania thus seem to have largely replaced the first settlers but adopted their languages. Posth and colleagues [5] argue that the languages of Vanuatu actually contain some elements of Papuan origin, and that the ancient DNA results are compatible with a more gradual process of cultural interaction and genetic mixing, rather than sudden replacement. Nonetheless, linguistic continuity in the face of this almost complete genetic replacement is extremely unusual in human history, perhaps even unprecedented as Posth and colleagues [5] suggest. The converse process, linguistic replacement despite little genetic mixing, was probably common in human prehistory, with likely examples including the spread of the Uralic language Hungarian into IndoEuropean-speaking central Europe $1000 years ago, or of an Indo-European language to Sardinia after the Bronze Age [11, 12] . If the proposed scenario for Vanuatu is correct, it then stands as an intriguing outlier in the otherwise fairly well-understood relationship between genetic ancestry and languages [13] .
This newly emerging picture shows how difficult it would be to understand the peopling of the Pacific using only presentday DNA and begins to highlight some of the real complexity of human population history in this part of the world. The old debate about 'express trains' or 'slow boats' now appears too simplisticperhaps a more fitting metaphor in the light of these ancient DNA results is that of a 'busy subway network'? Near Oceania, including New Guinea, the Bismarck Archipelago and Solomon Islands was peopled earlybefore 30,000 years ago. The Austronesian expansion, starting from Taiwan or nearby around 5,000 years ago, arrived at the islands off New Guinea around 3,300 years ago where it is recognized as the Lapita culture (grey shading). By 3,000 years ago, the Austronesian expansion reached Vanuatu in Remote Oceania, but soon after there were additional migrations.
The grasses have been extremely successful in colonizing a wide range of terrestrial habitats, partially due to the unique physiology of their stomatal complexes. A new study has added new insight into the regulation of cereal stomata in showing that they are sensitive to nitrate concentration, and how a specific anion channel is responsible for this sensitivity.
Stomata are tiny pores found on the surface of leaves of vascular plants, from lower plants such as hornworts, mosses and ferns to higher plants, including gymnosperms and angiosperms. They function to regulate water and gas exchange and likely played major roles in the evolution of plants during periods of climate change and in the colonization of the land, allowing development of aerial structures (stems, leaves and flowers), release from the need to grow in moisturerich environments and allowing adaptation to changing environments (e.g., [1] [2] [3] [4] The signalling pathways underlying the response to ABA have been well characterised by a large number of studies (see [5] [6] [7] for recent reviews). Within the flowering plants (angiosperms), stomata of monocotyledons (monocots) have distinctly different features to those of dicotyledons (dicots). For example, stomata are generally able to respond to environmental stimuli more quickly in monocots, particularly the grasses, which includes the cereals. This potentially confers the ability of the whole plant to respond rapidly to fluctuating conditions, and may underlie the adaptation of many monocots to more extreme environments where temperature, water and nutrient availability may change rapidly. The
